The touch mouse is a new type of computer mouse that provides users with a new way of touch-based environment to interact with computers. For more than a decade, user experience (UX) has grown into a core concept of human-computer interaction (HCI), describing a user's perceptions and responses that result from the use of a product in a particular usage context. This paper presents an empirical study of UX on touch mice via the user experience questionnaire (UEQ) survey, the purpose of which is to uncover how target users perceive the selected touch mice after interacting with them. A total of 20 university students were recruited as target users to participate in the UX test to perform defined tasks with the 6 selected touch mice under the Windows 8 operating environment. The experimental results can help researchers understand how users perceive and value such new type of computer mouse, thus ensuring positive UX and leading to more desirable touch mice.
INTRODUCTION
A computer mouse is a peripheral device used to control a cursor in two dimensions in a graphical user interface (GUI). It typically features two buttons and a scroll wheel, which can also act as a third button. Over the past few decades, the computer mouse has become one of the most effective input devices when interacting with computers, and there have been a lot of relevant studies concerning the use of computer mouse, particularly in the ergonomic (e.g., Card et al., 1978; Delisle et al., 2004; Lin & Tsai, 2015; Müller et al., 2010; Onyebeke et al., 2014) and educational (e.g., Donker & Reitsma, 2007; Lane & Ziviani, 2010) fields. With the popularity of smartphones, tablets, and many types of information appliances, touchscreens have been being commonly used for users to interact with GUIs on the screen. Microsoft Windows 8 released in 2012 has also provided a new GUI that supports both desktop and touch devices. The touch screen has often been declared as more intuitive and convenient than traditional input devices. As its control interface overlays the monitor, there is no need for such extra devices as the mouse, which needs a space-occupying carrier and operating environment. Moreover, the touch screen is much more robust and durable as compared with other mobile input devices (Albinsson & Zhai, 2003) . Despite the aforementioned advantages, it is not completely superior to the mouse in terms of operational performance (Forlines et al., 2007; Kin et al., 2009; Sears & Shneiderman, 1991; Wu et al., 2011) . In keeping with the touchscreen trend, the touch mouse, a new type of computer mouse, offers a blending for input and manipulation that is halfway between a traditional mouse and touch screen. This new type of computer mouse enables users to use touch gestures such as press, pinch, slide, tap, and swipe to enhance their interaction with the computer. Touch-based interaction with computing devices nowadays is becoming more and more common. However, there is relatively little empirical research in the area, particularly on the use of touch mouse. The use of computer mouse refers to interacting with computers through a mouse device, which can be regarded as a human-computer interaction (HCI) system. The recent shift of emphasis in the field of HCI from usability testing to experience eliciting has instigated a series of research activities in understanding and defining user experience (UX) (Lallemand et al., 2015; Law et al., 2008 Law et al., , 2009 . UX is a multidimensional concept and various definitions have been proposed in the literature. According to ISO 9241-110:2010, UX is defined as ''a person's perceptions and responses that result from the use and/or anticipated use of a product, system, or service''. Hassenzahl and Tractinsky (2006) argued that the concept of UX attempts to go beyond the task-oriented approach of traditional HCI by bringing out aspects such as beauty, fun, pleasure, and personal growth that satisfy general human needs but have little instrumental value. UX is a term used to describe a user's perceptions and responses that result from the use of a product, system, or service in a particular context of use. The perceptions and responses can be physical, psychological, or both, while the context can be a momentary, episodic, or cumulative. Although a diversity of UX models have been developed during the past decade (Desmet & Hekkert, 2007; Hassenzahl & Tractinsky, 2006; Law & van Schaik, 2010; Park et al., 2013; Zhou & Jiao, 2013) , there is still a lack of systematic research on how to measure UX (Väänänen-Vainio-Mattila et al., 2008; Vermeeren et al., 2010) . Most existing guidelines on UX measures are based on traditional usability metrics (Tullis & Albert, 2008) . However, usability tests tend to focus on objective task performance whereas UX focuses on subjective lived experiences (Kaye, 2007) .
UX is considered a key quality of interactive products on today's competitive mass markets and is of growing popularity in both academia and industry. It generally involves experiential, affective, meaningful, and valuable aspects of product use, and can be regarded as a sum of momentary constructions that grow from the interaction of users with their environments. These constructions may be affected by several strands that include, but are not limited to, compositional, sensory, emotional, spatiotemporal, and interaction-based factors (Battarbee & Koskinen, 2005 has been recognized as a validated instrument which covers comprehensive UX dimensions measuring both classical usability aspects (efficiency, perspicuity, and dependability) and UX aspects (novelty and stimulation).
Contribution of this paper to the literature:
 This paper presents an empirical study of user experience (UX) on touch mice to uncover how target users perceive the selected touch mice after interacting with them on the Windows 8 operating environment.  This study applies the User Experience Questionnaire (UEQ) to collect users' respondent data and analyze their actual experience and perception of using the touch mice.  The results can help researchers understand how target users perceive and value such new touch-based interaction devices, thus ensuring positive UX and leading to more desirable products of touch mouse.
environment to interact with computers while UX is concerned with the encounters a user has while interacting with products, systems, and services. Within this context, this paper presents an empirical study of user experience on touch mice using a self-report questionnaire instrument. The results can help researchers understand how users perceive and value such new interactive products, thus ensuring positive UX and leading to more desirable products of touch mouse.
METHOD Subjects
A total of 20 university students were recruited as target users to participate in the empirical study. These subjects consisted of 10 females and 10 males, ranging in age from 20 to 24 years (Mean=20.85, S.D.=0.988). Each subject received remuneration (NT$ 300 per student) as compensation for the time and effort he/she spent participating in the empirical study. All participants are right handed users and were required to have familiarity with the Windows 8 operating system in order to ensure experimental variables being equitable and objective.
Experimental Design and Materials
Six touch mice were selected as product samples for measuring the UX of these alternative products. The UX experiment conducted in a laboratory at I-Shou University aimed at uncovering how target users perceive the selected touch mice after interacting with them. A SONY VAIO laptop with a 15.5" Full HD display and the Windows 8.1 operating system was used as the test platform for the UX experiment. The drivers and gesture software for each ，tested mouse were pre-loaded into the system. The product samples and experimental environment for the UX test are shown in Figure 1 .
The Windows 8 touch language includes: press and hold to learn, tap for primary action, slide to pan, swipe to select, pinch and stretch to zoom, turn to rotate, swipe from edge for app commands, and swipe from edge for system commands. Referring to the Windows 8 user experience guidelines created by Microsoft, the UX test comprises 8 tasks as given in Table 1 . 
Questionnaire Survey
Generic subjective UX measure methods include interviews, questionnaires, surveys, storytelling, etc. In this study, the User Experience Questionnaire (UEQ) was employed as UX instruments for the UX measure. The UEQ was developed by Laugwitz et al. (2008) through a data analytical approach. It is a validated tool and has been widely used for measuring the UX of interactive products (Cota et al., 2014; Rauschenberger et al., 2013; Schrepp et al., 2014) . The UEQ is based on a hierarchical structure of UX constructs. It consists of 6 dimensions, each dimension of which comprises 4 or 6 sets of bipolar items as shown in Table 2 . The UEQ is based on the semantic differential format designed to cover a comprehensive impression of user experience, measuring both classical usability aspects (efficiency, perspicuity, and dependability) as well as UX aspects (novelty and stimulation). As shown in Appendix A, the UEQ consists of 26 items and the order of positive and negative worded terms for each given item was randomized in the questionnaire. It employs a 7-point scale to gather respondents' ratings for each perceptual item and support immediate responses to express feelings, impressions and attitudes toward the use of a product Install the mouse and connect it to the laptop through the USB receiver or wireless Bluetooth. Insert a designated image (the evaluated product sample) into the Word document and save the document (using the serial number of the tester plus the sample number as the file name) to the created folder (employing the left/right button clicking and touch gesture scrolling functions). 7 Sending emails (about 2 minutes)
Send the document file (using the tester's own webmail account) to the assigned email address. 8 Finishing the tasks (about 1 minute)
Delete the folder and then disconnect the wireless mouse from the laptop.
Procedure
The UX test required subjects to perform defined tasks and each product was tested for about 20 minutes (including 5 minutes for the questionnaire responses) for a total testing time of approximately 2 hours per subject. Before the UX test began, the experimenter provided a summary of the procedure. Each subject was asked to perform the 8 designated tasks with each of the selected touch mice. After finishing the testing tasks, the UEQ was immediately given to the participants. The participants were instructed to respond to the questions according to their actual experience and perception of using the product samples.
Data Analysis
The UEQ employs a 7-point scale ranging in score from -3 to 3 to gather respondents' ratings for each perceptual item. The negative worded terms (Items 3, 4, 5, 9, 10, 12, 17, 18, 19, 21, 23, 24, and 25) were transformed so that the higher the numerical value the more positive a subject's impression was in the perceived situation. After collecting the rating data of the questionnaire responses, the reliability analysis was employed to assess the internal consistency of the UEQ scales. The statistics including the means, standard deviations, and confidence intervals were then used to interpret the UX test results. 
RESULTS
Reliability was evaluated by assessing the internal consistency of the UEQ scales. The Cronbach's alpha coefficients of the instrument were classified as shown in Table 3 . Most single scales showed high consistency values except the Dependability dimension for Sample 3. As a whole, the reliability of the questionnaires was acceptable. According to the UX testing results, the statistics (means, standard deviations, and confidence intervals) of the respondents' judgments with respect to each of the product samples were categorized, as shown in Appendix B. The bar charts with confidence intervals are shown in Figure 2 , where the error bars represent the 5% confidence intervals for the scale means (i.e. the probability that the true value of the scale mean lies outside this interval is less than 5%). The benchmark comparison for the 6 product samples was further charted as shown in Figure 3 . 
DISCUSSION
UX constructs involve the general impression toward a product and extend the usability approach to cover issues beyond pragmatic quality for fulfilling "do-goals" with hedonic quality for satisfying "be-goals". Touch mice provide users with a new way of interacting with computers. Uncovering how users perceive such new way of touch-based interaction is an important issue for both academic research and industrial application. This study applied the User Experience Questionnaire (UEQ) to collect users' respondent data and analyze their actual experience and perception of using the touch mice under the Windows 8 operating environment.
In the reliability test results, the Alpha value for the Dependability scale of Sample 3 was relatively low. Further analysis of the result revealed that the itempairs 8-11, 8-17, 8-19, 11-17, 11-19, and 17-19have lower correlation (0.19, 0.13, 0.14, 0.17, 0.22, 0.05, and 0.15, respectively) that yields the low Alpha coefficient. This is because the subjects have inconsistencies to interpret the 4 worded terms (unpredictable/predictable, obstructive/supportive, secure/not secure, and meets expectations/does not meet expectations) of the scale in terms of the UX responses to Sample 3.
From the analysis of the bar charts we found that subjects had highly positive UX perceptions on Sample 5 (Microsoft Arc Touch Mouse) and Sample 6 (Logitech Ultrathin Touch Mouse T630), and negative general impression (Attractiveness dimension) toward Sample 3 (Rapoo T6 Touch Mouse) and Sample 4 (A Take Touch Mouse). Sample 1 (Logitech Zone Touch Mouse T400) and Sample 2 (Microsoft Sculpt Touch Mouse) had high performance for the pragmatic quality (perspicuity, efficiency and dependability) but relatively low performance for the hedonic quality (stimulation and novelty).
Further analysis of the benchmark comparison results indicates that in terms of the subjects' UX perceptions of the touch mice, the best example was Sample 5 and the worst was Sample 4 as a whole. This result is rational and credible as Sample 5 is a unique touch mouse developed by Microsoft for supporting Windows 8 desktop touch applications.
CONCLUSION
This paper presents an empirical study of user experience on touch mice. In this paper, the UEQ is employed as a psychometric instrument to collect users' rating data. The experimental results can help us to uncover how users perceive the selected touch mice after interacting with them on the Windows 8 operating environment. Although the UEQ has been recognized as a validated instrument which covers comprehensive UX dimensions measuring both classical usability aspects (efficiency, perspicuity, and dependability) and UX aspects (novelty and stimulation), it still has limitations on assessing UX for all kinds of interactive products because different products aim at different dimensions of perceived experiences. Further research could focus on developing a weighting method to identify an appropriate set of dimension weights for a specific product and proposing an effective UX metric to assess the UX quality of the product. 
